CRITICAL TTEMS LIST {CIL)

SYETEH: Fressure vessels FLIWCTIOWAL CRIT: 1
SESYSTEM: LHE Tamk FHASE[E): a, h
REV K DATE: J, 121997 HAZARD REF: .02, £.04,
OIN & DATE: 5.08
ARALYSTS: M. QuigglefR_Luuta
FAILURE HWIRIF = Leakage
FRILIWNE EFEECT: BB} 1o6s of misgion ord wehicleforew due te Firefexplo=ion,
TIME T EFFECT: Seronds
FATLURE CAUSE(S): & Structural Failure of Plates

E: Etructursl Fmilure of Forginas

[+ Structural Failwe of EdTMEioms

D: Strucrural Failure of Welds
REQCLBDIANCY SCREEMS: WaT Apolicable
FUNCTIONAL OESCRIPTION: Contsins the LWZ fuel for the SSME':,
FMEA TTEM TAZT NO. FART MAME =183 EFFECTIVITY
CODELS)
a.2.1.1 S04 000000 - 020 LHZ Tank Comlets 1 LWT=54 thrr AR

REMARYS :

Retention raticnale for FMEA [tem Codea 4.2.71.1 and 4.2.1.2 is the same,

MASTER
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CRITIGAL ITEHW3 LIST {CILI

afaTEM: Pregsyure Yessels FUNCTTOMRL CRIT: 1
BUREYRTEM LHZ Tarmk PHARELS ¥z a, b, &
REY & DATE: g, 12-19-%F MAZARD REF: 5.0, 5.08
OEW & DATE:=
AMALYETE ! M. Quiggles/R. Leuta
FAILURE MOOE: BuUrst
FALLURE EFFECT: #,b1 Loss of mizsTon ard wehiclefored due to structural faflure or firef/euplosion.
cl Lays of missTon and wehicleferew due to Orbiter/ET coliigiom.
loss of lite due to ET impacting outside designated foatpring.
TIME TG EFFECT: Seronds
FA[LMRE CALRSECS): A Structural Failure of PlaTes
B: structural Failure of Forgings
C: steuctural Failure of Extrisions
'] srrevural Failors of Lalds
REDLINDAMCY SCREENG= et Applicable
FUNCTIGHWGL DESCRIBTION; Contains the LHEZ fuel far the SSME“E.
FMEA TTEM PART NG, PART WAME Ty EFFECTI¥ITY
SODELS
&.2.1.2 B0 O 0 (KI0MI0 ~ C 200 LM Tank Complets 1 \MT-54 Thru B8

REMARKS: Retantion Rat:onale for FMEA 1Ten Coded . 2.1.1 and &.2.%.2 is the same,
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STYSTEN:
SRSYRTEM:

CRITICAL ITEMS LIST {CIL)
CONT IMUATION SHEET

Pressure vecoals J, 12-19-97F

LHZ Tank

g7
g8

FMEA ITEM GODE{B): a2, 202

RATIONALE FOR RETENTION

DES1CN:

MASTER

The Liculd Medrogen (LNE} tenk i@ & thin-wall fusion welded sluminm sanl-mcnocogus ahall and ix
designed wmu A safe Life stmeture.  Structursl imegricy is sssursd by the fractore :gﬂtML plan
(MMC-ET-SE13).  HMatwrigls ord procesess are selected fn accordance with MHC-ET-3E1G, which assures
repatitive conformoence of composition and propevties, The LHZ tunk 15 desighed to m recuired wiald
gafety factor of 1.10 for sll loady ord wltioate mafety focter of 1.3 for well-defined Loads {1.e.
thrust, irertis fraw throst, cead seipht, sd ullage pressure) and 1.40 for other loeds {i.e.
tharmal, serodvnamic, end d:rum‘c onsients). Wowever, from Extermal Tank {ET)/Orbiter ssparmtion
through Rain Engine fut-Off (MECD) +225 secands, thw assedbly in designed 1o » required ultimate
gafery foctor of 1.00 for sll lomds. Tank atrangth Sralveés 1o Baded on mimimum drowirg thicknesces,
(Rcfersrwe FT Strecc Report 324-7188). .

The tealve forward come gores and twelwe aft dowr porec mre ytretch-formed par STFI0OZ 1o the
repaired 0.75 beipht-to-rediue ellipeoidal shaps. Heat trestment to 22V6-TET eondition (¢ Fol Lowed
by chemwillling per 5TP5014 on both sidar to thie requirad Thicknesses. Three forward dowe sores heve
lacally thickensd grin pade for the sttachment of either exterior support brackets for the Gesenus
Hydrogan (CHZ} pressurization Line, on akCerfor mupeort bracket for the went/celief duct, or interior
dppert brackets for the soger mest. Cuatouts sre providad Tn en oft dome gore for the fopdlime
fleving ad the recirtuletion fitting, FPrimery end secondsry weld londs sre configursd to minimize
discontinuity atrukees. The s gores ere odge Tl dutirg ssouly.

Tha slectrical fitring in 13.0 dnches In dimmter snd ic mochired from 2X99-TE7 mluminam plata. The
Fitting conteine extermal mounting provisions for the wlectricsl feecthru of the intarmal cebling on
the sersar imact.  The electrical fltting bs edge trinmad during sguenbly. Threoged (nesrty and bolta
are imstallsd in the electricel fitting per 5TF203% and STFZ01E respectively,

The went valva fitting ix ¥5.0 inches In diameter ard is mschinad fram 2219-T87 sluminm plate. The
went valve fitting provides the external mounting surfecs for the vent/relief valve. The want valwe
fitting is adye trimmed during wssenbly, Threadsd Tnserts and bolles are instalismd in the vent volve
fitring per STP2024 ard S1PED14 respectively.

The forward com and aft duwt smenhole fittings arm %5.0 inches In digetier ang ars machinag from
Z219-TE7 wlumirum plate, The mohole fittings provids & 36.0 inch clear seeeag to the Ta: interior.
The menhols TI{Tings sre edge trimmed curing essambly, Thresded imemrts and bolte are Inctelled in
the maohcle 1ittings per STP20%% ard STR201E rospecTfvely.

The forword come snd aft Jom aspherical dome cspg wre %0.0 fnches in dimwtsr and pre spin-formed
per STPIODS,  Heat Treetmnt to 2219-T87 condition is followed by aw-nilling per ETPS014 on hoth
Tides o the required thickresess. CUTGULE Bre provided in the forward dome and mft dome waps for
the wvent, electrical, snd menhole fittings amd the siphon amd manhole fittings recpectively, The
farwerd domc cop hes Locally vhickensd ekin Dade for the attachmsst of exterio- upepart brathets for
The GH2 pressurizstion (Fne, mn exterior agport brecket for The vert/relief duxt, ad interior
support brackete for the sensor wast. Frimery and secondery weld Lands are configured ta minimf{re
discontinuity stresses. The foruard dome and aft deee cope sre sdge Trimmod during ezssmbly,

The forward and oft coar mevhole covers sre machined frow 2219-TA7 slunir platk. The manhols
covirs prowick » elosure for wrd 2 sealing swrfoce with the mnhols fittings. The menhole covers ang
the mprhole fittings hovm ircex pine thet preclude tha PossIRTiity of interchenoing the Liguid Oxygen
(L02) ard LHZ menhcie covars. The forward cae nanhale cover contaim metermel wertirg provisions
for the GHZ pregurization (ine and the GH2 diffuser. Threaded irmerts e balts sre installad in
the machoie coverg per STPZOC4 ard 5TP201% respestively.
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SYSTEM:
SLESYETEM:

LRITICAL ITEME LIST CCIL2
CONT INUATION BHEET

Precuss Yeagsls REY & DATE: 4, 12-19-97
LM Tardk DCH & DATE: o1, &15-98

FMEA TTEM CODECHI: &.2.1.1, &.2.1.8

RATIDHALE FOR RETEHTIDNW

DESIGH: (econmt)

MG TER

Esch of the folr parrsle is composed of eight Z219-T07 almimm cmrwls.  The pantls are machined aon
rumarical Ly cortrelind milie and longitudinal stiffeners are Incorporatad as mn integral part of esagh
parel. Four percls from Bareel Mo, 2 wnd mia parmle from Barrsl Moo Y are prake-forme por STPIO0Z
to tha raquirsd radiue of 1£5.5 jrohes. One panal from sach of the four barrels has bosxms bt ined
ints the longitudinel stiffenera for externdl mounting provisios of the Goseows Coygen (GOE) and GHZ
pressurizstion lines ond miectricsl cable Tray., Tuwo ponels from Barvwl Moo & have boeses madhired
imta the Llongitudiaal arlfferars for intefnal moantitg elos of station 1129.% tfroee
etmbilizers. Ore panel from Barrel No. 2 has Beasec machi imo the longitudinal etif ferers per
manting provisiors of the intermediote fromes., Eight pancls from Barrel ko. 1 have boanes mechined
{hto tha longitudinel stifferera for mounting prowvialons of the station 1973.5 frome and of tha
station 1871 frame stebllizers. Ome parel from Barrel No. 3 hot boeoms to provide an external
yrunting wrfars for & LO7 feedline support bracket. Primory and secondary weld Lerde are configured
to minimize discontinuity stessses. The barrel pensle are eeige trimmed Suring oecambly.  Threeded
irgerts and bolte &M INGTALLAD in the required barrel pancle per STFZO02é wnd STPE0Y4 respectively.

The siphon support fitting i3 56.0 inches in dlameter and is mmchined from 2219-TH7 aluminum plate_
The siphon support fitting provides the interrml mounting surfpce for tha LKZ feedline siphon
support. The niphon augmrt fitting provides a 4.0 irch clesr scoesc to the L2 feadiine screen
The miphon sucpart FItLing is ados trimwed during masenbly. Thresded irerts and bolte are inatsllad
in the siphon support Fleting per STP2024 and STR2D1A rwapectively.

The twa longerorns mre machined feom aluniegm forgings neat-trested 1o 7219-T6 condition. Easch
levggeron 1s approximetely 177.5 irmhes long and 32.% inches wids wed it W integral pert of aarral
No. 1. The forward erd of Bach Longeron comaim exterier mounting provisiow for the Grblter thrust
struta. O longeron contming extarior mounting provicions for the elecrrical fesdthru of the
internal LHZ sarwar cabling. The lengerons ore edge trinmmsd during esgembly. Threaded ineerts amd
bolte ara insralled in the iongeroms per STP20Z4 end STRZO016 respectively.

The fesdlire flcring §s machined from = Z219-Té wlueTrum forglng ond hea = 16.80 inch e e
disnetsr. The feedlire fitting provides bath sn intermal snd enterral mounting surface for the
feedline. The feedlime #itting ia edoe trinmed during snamsbly.  Thiesced ingertd and balts ere
jroatalled in the fesdiine FSCTIng par STF2086 au STPOOYE respectively.

The recirculation titting is wechined from & Z219-T6 pluwimm forging #rd hee e 3,95 inch inside
dimiseter. The reciroulacion fitting carries weri LHZ from the Space Smrttle Main Engines (SSME's)
beck to the =T during propel lant loading and hold, Tha recirculation fitting 16 sdge crimmed during
agcombly. Threadad {rsarts and bolte sre irctailed o the racirculation fiteimg per STE202& and
STRZONE resoectively.

Tha forwmrd doms ring ix mexde ; of four mirmions formed per STPI00Z to the roguined radius of
165.5 Inches. For LMT-5& thru B5, there sre three 212017 extrmios and o 230 extnkion., For
LUT=85 thru 53, there sre thres 2200 exprcions and ene AZ09F mxtrusion. beat-tregtwent o
219-TRE11 corgition i€ Sollowsd by machining. 1t forms m portien of the LH? tank wall, the outer
chord for the stetion 11295 frame, ond tha interface Flange to mte the L2 tenk/Intertenk. The
2139 and ZL2NE extmmisn provide b extacior mounting surfece for the ET/Orplter forward atiach
fitrings ond & LG2 Feacdlirm support brackat, FThrasded jnearts s boltz are inctalled in the 2L20%
ared 2L09S extrueion per STPZ024 ard STP2ONE regpoctfyely.

Rirgs No. 2 ard Mo. 3 are each mode up of for wxtrusions formed per STPIDDZ fo the required radis
of 165.5 inches. For LWT-S& thru B85, there sra thres 2L2007 extragiorw and ore 202006 exirusian.
For LWT-8 thru B3, there nrm thewe 22006 extrucions end orw 2LHNS eetnmion.  Heat-treatment Lo
2219-18513 comiltlon is fol iowsd by mechining. The timge form a portion aof the LK2 tank wall. Rirg
Mo 3 farms the mrier chord for the sTation 1577.35 frame od King Moo 2 forme the outer chord for
the 1625.50 trome, Tha 202006 and 2LZOPS wicrusions provice an mctsrier mouting surface for a LO2
fpedline tupport brasket, Threaded imeerts snd bolts ere imatalled in the 202006 wnd L2095
extrumions per STP2024 and STP2014 respectively.
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EYETEM:
BUBETRTEM)

CRITICAL TTEMS LIST (CIL}
CONTIMUATION SHEET

J, 12-19-97

Froveae Vansels 001, A-15.D8%

LH2 Tarwr

5%
|0
T

FAEA [TEW CODE(S): 6.2.1.3, 4.2.1.2

PATICHALE FOR RETENTION

DESIGN: (oont)

TEST:

iz wmick up of teur eutruniom foresd per STPIOE to the requirsd radim of 165.5 Snches.
ey B are twe 2037 ertnuiom mw b AXBE artrmions.  For LUT-85 thru B3,
there Bre tee 202000 axtrucions and tws 202081 extrusions, Meat-trestment to 2219-T511 condition is
ining- It foremm & portion of the LEZ tané will and the outer chord for the siation
1BH freme, 2038 and 22081 exTrucions peovide h exterior mounting suface tor & LO2 feodline

bracket. Threeded Treerts and bolts sre inatallad in the 2205 wnd 22081 sxtruglon per

aupmort
§TPd0ds mud STP2O1S reapextively.

Thir aft dows rirg iz wede up of four worwions Tormed per BIMO0Z to the raquired redius of 165.5
inchas. For WWT-56 ovu 85, there are tue 210006 sstrmiom et to 202007 sxtprscions.  For LAT-25
thru BB, there art tw A 208 witnmiow and be ZLZ0SF extruslong, Meal-trestesnt to 2719-TES1T
covwdition is followsd by machining. It forms & portions of the 1H2 twrk uall, the ourer chord for
the stmtion MNER frams, and provided an exterior manting marface for the Ef/orblter aft attach
fittinga, the ET/So0lid Rockwt Soowter [(SRB} mft attach #iitings, the GOZ pressuriretion lire, snd
trarsportation fittings. Throaderl jrsarts and bolts are Inatalied per STP202: and £TR201S

raapactvely.

The L2 tark welds are deslorwd to & safe life criterion, This sssurss that failure will not acosr
from fleu propagatian {n the sipected aoersting swvirerment during t™e regrired Lifa of the wehicle.
Tha Wtlde arc desioned to three criteris: 13 lesk-burst frasturs stress, 2% allowstle weld P ,
g 1) allowshis ultismte strangth.

1) The Laak-burst fracturs strecc iw the stress Level above which & flaw rosches cricicel flaw size
prior to atable growth through the weld thickness. Balow ik stress level, the flew would
Proposate 10 @ stable marner through the weld thickness snd bepk LHE/GW2 prior to catastroghlc
tailure. An cblective wes to cemiign all welds to Leak bafore burst. ALL welog mef this objective
mcegt the HT1-2 wrml ~4 wmlcs, which are clagsifiod s burst weios.

2} The atlowsble weld grades |imit the aliowbis #ime size to onc—heif of the critical flew size for
& givan wald sthess, weld land thickness, and operating tacperwiure.

%) The ultfmte strength salysis establishen the limitatiom of combined pesking and mismateh weld
tord wipslignmants, &0 Thet required weld grades and Fequired ultismte asfety factors are
ks e,

Fausr types of welding ars Utilized on the LH2 twnk:  Tungeten [nert Gas {TIG) Wt welds, TIG Fillet
weldd, Warisble Polerity Flesse Arc (VPRAY Dutt meldc, mnd TIC spot weids, The reuirssnte for
Tthese welas are control (ed by STR5501, STHSS01, STPSS0E, el STPSSO respect ively.

The L2 Tenk Complete is certified. Referance HCS WHC-ET-THOA-L-$147.
Varification:

The athuctural Integrity of the Lightemight Tank [LWTY LMZ tank wea werifisd pyz 1) nimilarity to
thir Stercard Weight Tark [SWT)] LMZ tank, 2% Limit Lomd tesr on LWT Eerk st reglons with smjor
decion modificatios, mrd 33 stnetorel ealyals.  Thin Mproach iz a direct remilt of o
Srructural Test Article ¢8TAD ad Limit losd verification test Prograes  hivirg suecssaful |y
verlfiod the structursl integrity of the LEZ tank ac & premmre vessel ond baving muccesaful ly
velicatad the structural srelysin technigues,

The ETA aned Limit losd teat ramEt 13 weeifiad the atruoctural imegrity of the L2 tank m a

preifura vmanel for the ritical deign londs end Intermal preagure loade, 25 wer[fled tha

validity of the ssaaptiow, methods, snd cosputer meweling tachnigues utilized for the structucsl

:::';"lil, ad B provided = cetabsse relative to weight opCimization snd woreded wehicie
[~y 1+
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STSTEM:
SARSYETEN:

CRITECAL ITEMS LIST (CIL)
CONT IRUATION SHEET

Freseure Yeasaln 4, 12-98-Q7

LHE Tank

85
| N

FMEA ITEM CODELS): e.2.1.1, &.2.1.2

RATICHALE FOR RETEWTION

TEST: ([cant)

L LH

A=D;

#atrgcteral Strangth exd LO2 Tenk Modal Survey ETA Major Grourd Tects¥ (Referancs ET Tact Report
MHC-ET-THOS, Wol 1013.

The ST LAZ tark 5TA corslsted of four caponenta:  LE2 tenk, Intertank, (02 tank simulator, ard
Lowar load ring. The SUT LK? bank was sCACTURally testad in complionce with the Test Requirements
Document, MMC-ET-TMOT. Wolume 111 of MMC-ET-TNE cescribes the weriom tests perforsed and is
wuomerted by Supplement A, Tests wara comicted At both -423° F and room (esperature.  The tests
conductad Wi roam temperature fecascitsted the merlificatiom of teat load s imternal preczure Load
requiremants to capwroats for the difference in material prjurtiss wihibited at the requirsd flight
temperaturs And room TATRArECLCE.

uljmit Load Verification Test - LWT LHZ Tank* (Ref. Pocmant ke. B25-227%3.

The LMT LHZ tank {imic load werification wrticle corgisted of the LWT-2 LH2 tank. Tha LK2 tonk wos
atrusturally tested in cogplisnce with ETC-3512-00%. Aress shich susroined mejor redesipn with
respect ta the BT LH2 tank were tested to Limlt fiight load. These areas included the stotlon 1871
ard The gtation 2056 franes. The teste were conducted et roum tmpersturs, which recedsitated the
reduction of test load and intarmal preasure load recuirements To codpansata for the difference in
material propertics efibized st 45" F and room tanperaburs.

evelopment ;

rH

MASTER

mevaluation of Clesning and Comeersion Coating of Z215-T6M™ (Ref. Documerd No. B2&-215D).

Thic progres was LNds-tacan to setsblish process parameters snd acceptance criteria for the cham-film
ProCik .

The sffacta of fomming technigues, sofling, mging, cleening evluTions, and high temparsture Thermel
Protection Systom {TPS) curing on the corroeien retistance and athedfon proparviss of the chaeefilm,
Spray Dn Foom Irsuiation {E0FL} primer, snd the SOFL/SuUper-Lipht Abletyr {31A) composites wers
evaluatad. The results of thiz program were ipcorporated into STRSO001 and STRSO0S.

sEvaluntion of 2219 welds® (Ref, Documant o, E26-202%).

Thiz: prograe wac Unoertaksn to estebllsh cesign slicwsbles for 2219 TIG walds in 2219-T8Y
cheet/phate, -

The wiferts of weld repairing and othst meufacturing discrapencies were evelust=d. This wes
accomplighed by wming 3-remmir-welded, mismatch, e peaking spacimens. Mromatic and menual repair
BAChods ware BYRluaTad. The effecis of miwmich od peoking on Teralla atrangah ware swalusted mnd
accepronce criteris snd weld sl\owmhies were estoblished. The resultc of hie propram  ware
ircorporated into STPS50Y and Engineering drawing BOSGOO000E0.

Wfracture Mzchanics Dmta an 2219-TET Aluminum for the Spece Shwitle Extermal TenkM {Ref. Document Moo
A2H-20273.

This program wes uewmrtskcen to eitebllsh fracrure mechanfce data far 2219-TEF slminm bnes-metal,
ae-welded, and rapair-welded materisl.

Fracture toughness, proof cycle flow growdh, and pimulnte! service useful 17fe twals wete cordocted

in thig svalimtion. 7The resulls of thic prdgral were Incorporstad inte STP3M1 and Enginsaring
drewing BR0GOO0GED.

bk




EYBTEM:
SIBEYETEM:

CRITICAL ITEME LIET £CIL)
CONTIHLATEON SHEET

Preisure vassels REY & DATE: A, 12-19-97
LHZ Tark OCH & [ATE:

FHEA [TEM COOE(S): £.2.1.1, &.8.1,2

RATIOMALE FOR RETENT[CW

TEET= {=omt}

o: "rariable Polarity Pleom Arc Welding Process: Desigm Allewable:s Program for Ueldessr Strsngkha®
[Ret. Document No., B2A-23083,
This program wos urdertsksn to eetablish design allowables for 22168 VPPA welde in 2219-TH?
shwat/plate.
The affect of weld repairing and other manwfacturing discrepsrecies were evaluated.  This was
accowplished by using 3-repair-weided, mismatch, and pesking specimerm.  Manual resafir methods were
svalmtad.  The sffecte of mismatch and peaking on tensile atrempth wers evaluated and acceprance
criteris and weld allowables were establizshed. The tesults of this program were Tewrporated indo
STPS504 and Ensireering drawing S09000000&0. .

D “yuriable Polarity Plasme drc Welding:  Fracture Mechanice Dara for 2719-TE7 Aluinum Weles" (Ref.
Documant Mo, B2a-2375).
This proaram was UcArTaken to establish trasture mechanice dats far 2219-TET ag-welded materisl.
Fracture toughnesy tEsts were conducted in this evalustion.  The resultz of this progran wore
ircorporsted inte STPSS0S mrd Ergireering driwing BOSODODOOSD.

"H "InweETigation inta Effect of Fepking and Mismatch Micaliomments om 2310 Alumiram TIC e VPRA
Strengmh Bropertisgh fRef, Document No. A2E-2%123.
This promram was undertsian ©o exfend Che {imits of the estoblished meaking ard mistatch weld Lond
mizplignmonts an asteblizhed by the "Ewvalugbior of Z21Y Welds" (Ref. Dovument Wo. B26-202%) ard
™ariable Polarity Plasma arc Welding Procesa:  Design Allowables Progrom for Weldwent Etrongtha"
(Fet. Document No. 826-23061. The resules of thie program were ircorporated inta STPESO1, STPSYOS,
and Ergimesring drowing S0SIDDDO0SD.

Acreptames:
HAE:
Az Ferform LH2 tark proot test To ver{fy sTructural integrity and ultimre eyels Life {MHC-ET-THDAR] .

MASTER

The required proof siress is equal to the TL1GhT Limit stress multiptied by the sessf factor at the
proeof test temperature.  Thiz proaf fastor if egual to the Fracture toughmess of the material gt the
preof teat temperoture odiviced by the frociwm e Toughress of the materigl BT The wEe Tomperature traes
the proof factor &t Che USe TMCerature.

The resuly of emvelepimg the requiqed proof ciresses establishes that the proof stress reey’roments
are dictated by 2 required pracoars ar seation 2175275 ard the application of exrernally applied
mechanical loads at the Aft £T/Orbiter and afr E1/500 aflochmert fittings. Gaseoss Nitrogen [GNZ) is
el to presEurize the tank ard hydraulic jacks prowide the machanical lesdc,  The proof preazurs
racuiremenee 3o net result i detrieental yiglding of the LKE tank.

lest govers for the forward dome marhcle covar argd the aft deme marhole rovers srs egber{tToted for
the flight covers for the proal tesr.  The rest tovors have the sem slastic properties amd the same
vrivalen: etiffress as the flight covers. Te fiight covers are procf Tested Separstoly to
fazilitate manufacturimg,
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SYSTEM:
SUBSYSTEM:

CRITICAL ITEMS LIST (CIL)
COMTIHUATION SHEET

Fressure Yesaels REY & DATE: d, 12-19-97
LKZ Tank DLN & DATE:

FMEA TTEM COMECS): 6.2.1.1, &.2.1.2

FATIONALE Fo RETEWTICN

TEST:  {oanr)

LH

HASTER

A formard dome gore (Ref. Erginesring drawing BOV1LTE0582) 1z fredeqsrsly prooted in the vizinity of
thc_mqr maat ped region since the mechandcal leads ace mot applied.  Four forward dome gores (hef.
Ergirmering drawings BOP1G1G09EI and BORTG140984) ore Trodopately proofed in the wicinity of the = 7
at stetion 1129.9 due to the differonce in the LH? fank cupport configuration for proof tect aed
flight. The forward come cap (Raf. Enginesring drawing BOS14150992) iz inadeqatmly proofsd in the
vicinity of the electrical titring, whe senssr maer pad redion, and the GHE went/reliet cact pad
ragion wince the machanizal loade are met goplisd, One panel from aaeh of the four Barrele (Ref.
Empircering drawlngs S094200598, A0P14400025, S0F155009TS, and BOPISEQ0995) 19 inedequetely proofed
in the wicinity of thae ceble tray support reglone since the mechanical losde are mot spplied. Tuo
parels from Barrel Mo, 1 {Ref. Engineering drawing 809148009931 are frodequtely procfed in the
vicinity of the |ongerons et station 1271 due to the differsnce in LHZ tenk suoport configuration for
proecf tect and Flight.  An aft dome gore (Ref, Ergineering deawtng BDR14GEBOEREY iz inadequartsly
proafed in the vicindoy of the (¢ feedline and recirculation fitTings sirme the mechanical loads are
mo aolied. The att cdome eop (Ref, Erginpering drawirg BOFILSS0954Y is inesemuately preafed im the
vicinity of the siphan suppert fTiring, since the methanical leads are rot applied.  To agsure
ATFAETINGL Integrily, a MOE {peretrant exc:mimtion) is perforesd on these plotes, .

Inodequately proofed and marusl welde that farm o part of The préssure vesssl wal( are identified in
the *umid Acceprancs Wangal' (AOQOCOOOOG0). Welde are corsldersd Tradequately proofsd whon the

temperaturs adjusted load durfeg proof festing 15 Lezs than the load during flighe multiplied by the -

required praof factor specified Tn the EI5. Structural integrity of these welds 55 assured by an
sdditiwal MOE {rodicgrachic exanination) aftar preet tasting for LWT-54 theo SB8 (E0P000000S03.

Structurel incegrity of the brocker fillst welds (HFLY) e assured by radiographic. vizual aed
penetrant examinations following weldimg, Struetural imtegrity of the chip welds {WFL ard HACY is
dssured by visual and peretrant examingtion following welding [STRSS01 aed 5503).

Ferform the LHZ leak test to werify structural ingegrity (MHC-ET-THOSk).

The LHZ tark iz pressurized witm GHE to 4.0 psi after completion of the proof test, A leak Eest

fluid iz applisd to thir Tusion DuTT welds TS CBTECT Lamka, The =ystam is controlled by STPES05. KD
laaks are parmitted.
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CRETICAL FTEMS LIST (CIL}
COMTIMUATION SHEET

SYRTEM: Prassurs Vagos g REV L DATE: J, 121097
SIEETRTEM: LHZ Tamd DCH Lk CATE: 01, 6-15-08
FMEA | TEM CODECS): 5.2.1.1, &.2.1.2
RATIONALE FOR RETENMTION
INERFECTION:
1 rion - Lockhrad i i B;
At varify meterial salmction and veriticatfen controls [MMC-ET-5E16, 0G-A-250/30 and STHI7013.
A ¥erify haat+traatment of the follewing perts to Z219-TEF {MIL-H-&083Y .
!anrd_nmhm AT Fonwgrg hiotm Cep
4160981 =T ] 014130093
B0 1 60eE2 12980V
B0%14 1650983 B0 149854 ﬁ?ﬁm
BOT1E 160085, BOC 4500 R0
BT 15160786 SOV 14 380997
A Varify zleaning of the following parte (§FP508 ardd Enginesring arseingl.
hffﬂiggr Montirg Flate
w20
A-Ci ¥erify ultreconic exsminetion of the following perts CMIL-T-B¥30, Closs B).
Fa Dowe Ri Aft Dome Ring Barrel Bo. | Pgnels
14140597 B | 6 DRTE GED0R,
(L2019 and ZL2039 DAly) (22014 ard 22017 Only) B SR5IRRS
B&rn:g HEE 4 Fanal H::El No. X Pono| Barr 4 Parel
-l T4E00PAT
Eimmln 1 _Segrent fing Wo. 2 Segment Ring Ho.
an B934 S0 4 B
(2L2037 and 212038 Gnly?} (L2005 and ZLZ007 Oniyd {22005 med 2L2D07 Only?
Lewigaran
Bk 14300034
A-Ex Ingpect dimangions of the following party CEnginesring drawing).
Farward Eém Goran Aft Dame Gores Barrel No. 1 Panelg
1) 1 BO?14 LT LT -n T
B8OS4 E0oRs BOOLSE00S BOF1580TIE
BG4 S07ET B 16 PRI, ANO1L80009%
B09 1416008 BISLSA0004 B L5000
B0 150084 S0 vy BOY4LB00P0S
Ear .. 2 Pane Barre Porels Barrel [ Ty 183
2001 L4008 T 16600981
BOF 1 LB005T? AL 200008 B0 14L 00782
BSL800MT BOG14 200507 B0 1R D0REG
Lo 48000 Ta SR 16200005 B b
B0 146009TS B0F 44 D05y B0 DA

L : ing Mo Ring lo. 3
{LWF-5 thru B4)  BDONE AGORET

DOM4TDOPM. {LWT-B5 thru B2)

At Doms EF d Dame L
2091 & 15079 BUP1LE0GRE7

MASTER &.2-0



ETRTEM:
SUBSYSTEM:

FMEA ITEM CXOEC(S:

Frecours Yecosls
LHZ Tank
ﬂ-2-11+1¢. ﬁ.z-'l-z

CRITICAL I1TEME LIST (CIL>

CIMTINJATION SHEET

R
-
E#l

d, 12-19-37F
001, G-15-%4

RATIONALE FOR KETENTION

IMERECT 10N =

A-C:

A-Ci

[eoht)

Recirculntipn Ejtting
=X ;=1

Elpetri
B4 130008

Aft Dome Mgrhote Fitting
B0 1T 0V,

o

F i 1
1

5 iphon %rt Fitting
B

¥eqf !g%% Fitting
2141

ru Plate

B0931003717

orward Dome Ri
hihms’

Forwnrd b
14 1308

O ffuser %:im Flgte
BOWZY

FiTti

Trupect ponetrent axamination of the toliowing parts (STP2S(M, Type 1, Method A).

B

i
B0 Lps0ereg

i S t
BO5I45

Recirculation Fitting
B0

Forward Dome Manhols Fitting

B4 S0GE
i t Fitti
[T
pitfusar Wounting P
0210647

Aft _Dooe Cap
A0

R

A

Ring Ho. 1§

BOP14 700553 :ﬁm'in thru E4)

BOP14&TO007PR: (LWT-E5 thru BE)

Elegtrical Fitting
B

E*FE bome Cores

Afr Dome Manhole Fitting
BOG1 4

Venr Valve Fittimg

Longeron
B0 165300747

Na. 3
W1
LA

Eﬁ ru Plate
7

BOV3LIET26

Furward Dome Gores
ADO1A 16096

041602
B S1E053
DD 41 S05EL
B0V AETREE

Inapect hole dimercions for fnEsrte o the fallewing perte (STP2024 and Engimeering drewing).

§iatove7

Ring Wo. 2 Sugpent
B0 1430071

%rml Hp. 3 Faoel

Foadthru Flate

100377
Oiffum ing Plats
B2 1021047

m
[ TR
Ring Hn.

EFHILATODPE (LWT-54 thru BA)
SIP14LTR0RGS [LWT-25 thru §8)

Berrml Mo. 2 Forel

Rmc1 Fitel
1 RLGHR

£.2-10

R} Ho. 3
200561

pprrel %o, & Ponels
R L 200997

BOF 1 G2

gerrel Ko, 1 Panals




CRITICAL ITEMS LIST (CIL)
COMT I WUAT FOW SHEET

SYSTEM: Freasure Veasel REW L DATE: 4, 12-19-07
QESVSTEM: urE Tank b DOH L DATE: 001, &-15-98
FHEA [TEM COOELS )z 6.2 1.1, G.2.1.2
RATIONALE FOR RETEMTION
INSPECTION: (oant)h
A-LC: Irepect pert rsber spol(ad 1o tha follosing porte {Engimeering drairgl.
Forward Dome Gares AL Deme Borwi EBarrel Ne. & Panelg
BOFT4 150957 BOT14RE0991 14200983
BS54 150582 BOLGR0MTT B 420073
B4 160923 g L) B 14200997
8714 160960 BOCrYLOENT0N B0 5200004
o PR TS iemmnor? B D0E2
rrel Mo 3% la %u_l_h._zm Barrel Ho. 1 Pgrely
BeaD0FE1 14500971 Bt
B09 L0002 BOF1LANOTE B0 L BO2
B £ 0064 BOPLADINTS B 4800573
B Si0lag BOFIGSD0TE BDP1 4B 0G0,
B9 L0008 BOP1LS000 S B L0005
. F varify material arlection snd veritication contralp (MMC-ET-ZE14, STH-G-280 mnd STHS443Y,
B: Verify cold cyclm ntress relled on the following part (Enginesring draming).
Feadline Fltring
[T
B: warify heat-treatment of the following pert 1o 221%-T6 (MIL-H-5088).
%Hﬁmﬁ&?
[ Verity saveriol selection s verificat|on controle (MMC-ETSE16 and ETRE1A, Cleax 13.
C: Verify haat+treatment of the Fol lowing perts to 2219-TES11 (W]L-N-5088).
L] i)
Ring Wo_ 2 Segmant Bing Ho. 1 8
B0 14500561 B4 (LUT-54% thru Bi)
S0RIATDOOGS (LUT-25 thru S8
A: verify chemical fILm agplied to the following parte £ETFE001, Cleax T4 and Engircwring drawing),
Feedrhru blar Bif ing Plat
BP0 1GAT
B3 1003 M7
i; Var{ty epouy primer spplisd to the fol lowing parte (STPIG, Type 1 ot Ergimcering crawing).
Feedthry #loieg Di ffumer Monting Rlote
A RO TS BOVZ1G2 1047
BRI 10asIT
MASTER &.2-11



STSTEM:
ELEETSTEM:

CRITECAL ITEMS L1%T (CILD
COHTINUATION SHEET

Preggure Vesgels

TE: dy 121997
LHZ Tark H

L
£e

FeEA | TEM CODECS); 6.2.1.1, &8.2,1,2

RATIOWALE FOR RETEMTICW

IRSPECTION:

LH

MASTER

(eont )

wWitness Prood Test of the following parts (Enginesring drewing).

Fusedthru Plates
GI3TEs

R DETIT
f ol -

Yerify meterial selection vl verificetion rentrols (MMC-ET-SET4, @2-A-250/30 and 3TMITOL).

Forward Doma Marhole Covar Aft Domo M

BDR 1400 1488 ) BOT1 1001544

Irspect dimersios of the followirg parts {Ergireering drawingl.

Electrical Firel Forward Bome Marhole Fitti Vent Wmlve Fitting
BRI BT T ] B0 1A 10550
%mmu_ﬂmm AfT Dome Ngnhols Fitting
1410950 B0 1451 0%
E ne Fitt! A%t pome Marhole Cover Forwsrd Dome Menhols Cever
L1 BORTR01E3E LR TATE R TACE] .

Verify cleaning of the following parts (STPEOGE and Engfreering drawing).

Foruerd Done Manhole Cover Aft Dome Manhple Coywr wndth
ER1A0A146R TR R T T [T LT ]
BT I0ETTY

Verify spoxy primer spplisd to the following parte {STRZOCE, Tywoe 1 ard Emgineering dreding)_

Iorwgrd Pom: Merhgle Cover Aft Dome Marhole fover
20714081488 BOS1100 1444
[nepect wald Land widths of tha Tol lowing mesanblisx (Engineering drawing).
Forward Dome Aggeroly : Afy Dome ksgembly
A0ET4 1 00 RO L F005EN
B 141 20900 AR AT20900
ARG L08TS GG 197Y
BOO1L1400ES EATTOD
BO9 141 4DV5 B1ASTONSS
BOGYL 0525 A00 1458085
B 0535 BDRLRBOOLS
BOF 141 60%45 B0 A¥E0955
BOF14170910
B 147D

&.2-12



CRITICAL ITEMS LIST £CiL)
COMTIMCMTION SHEET

S1STEM: Fressure Yessels KEV L DATE: £, 12-15-97
SLESTETEM: LHZ Tumk BCW & DATE:
FMEA ITEM CODE{S): B.2.T.0, B,2.1.2
RATIDHALE FOR RETENTIéW
INSPECTTON: ({cont)
aA-Cr inspect hole dimersions for inzarts on the follewing parrs €3TR202E and Emgineering drawing).
Farward Domz Mwnhole Cover Af% Dome Ring Afe Dome Manhole Fitting
1408728 e TR
Feedl ire- FiTTT Farwsrd Dome Marhols F{tfirg Aft Do Marhole Cowver
BT 14pE19a0 BOR14110990 SOF100] abd
ELerTri EitEd Fikti i 5 rt Fitti
14 1 VERRD 14110000 MSLFIDP90
AN1L05 10458
A-C: Inspecr frgtallation of bolts in che following parts and zzeenblies (STP2014 and Eraincering
drawim}.
At Dome Marhole EitTti Forwirg Oome Menhol e Cowsr Forward Dome Marhole Fi1ring
AR TIONLED 0924041007 EIF15R05 1450
Forward Dane Ring Efchan Supewrt Fitting Feodthru Flatec
.al=3] 1 : TI01 S48 HEFSI00STTY
BF1&1531910 B9 1a55 1969 AWTI0ITA10
B0 1067455
Electrical Firei Diffimer maunzing Plate Recircularion Fipti
1003759 (LW -54 thro 58 SOYI102 1005 BIFZ 10T 100w
SIVIOIE10 (LWT-59 thru &8]
Yenr Valwe Fitt] Barrel No. 4 Ascenbly sacrel Wo. 3 aceesbly
E§E1521ﬁ AI1LIG19E0 1403
A0Z IS0 1L
Barrel No 2 Axsembly Esrcel Mo, t Asgembly Fevdling Fitting
AL ED1970 8071409 1110
BOFT404 1609 B9 14801900 SRZLPIT5
Bt 140 1 & 0
B 140a 1457
Rrrg Ma. ¥ Assembly Ri No, & & IiEE No, | Acksyhiy
B9 TI0014 59 A0F 1 4% 15T 14047 558
S04 FO R0
Afr Bome Bine Aszswmtly Longerom
1 el 1 ER1LOe1eTR
ED1I05114% R 1L071580
BOF1 1051149 BOFRDIITIR
RISTINST 120
B11051124
b Inspest Proof Test ard Leak Tegt ¢eME-ET-TRie),
h-[1- Werify clesning and themical film appl:edt ta the following mssembly tSTREDDD and Engiree=ing

MASTER

drewingd,

LA Tank Assemisl
80914013720

B 1LOCSRLD

e.2-15 '



CRITICAL [TEMS L1ST (CIL)
COWTINUATION SHEET

EYSTEM: Preddure Yesaehs REY & DATE: 4, 12-19-97
SUBETETEM: LHZ Tank DEH & GATE!
FMEA ITEM CODELS): £,2.1.0, &.2.1.2

RATTONALE FOR RETINTION

INFFERTITH:  Lcent]

A-b: verify chamical film apelied ta the followimg parts (ETP3OU1, Cless 1A end Emgincering drawing).
Forwarg Dome Marhole Cover Exrwgrd Dome Monkole Fitrfng Afr Dome Menbhels Cover
E0P1408Y%658 8Os 110930 EEingiass
Eorwerd Dome Rir Eloctrical Fiomimg Aft Rerae Ri
&7 14100500 BO9 1461 105910 ERAFD0R ]
¥enr \rgl% fFltting Aft Dome Markol e Fitting Sighon Suport FigLing
BOF1411 [ R L0990
BOR1A05 1965
Feedlime Fitling LHZ} Intertank Flange
PTER PR 1= POIANIRTEA (LWET-34 thru A3)
SOFE1000000 £LWT -5 thru B8)
B0 54 1071900
Bl Yerify epoay peimer applicd ro the followlng parts and assembly (STR30D4 and Emgirerirg drawing),
LHZ Tamk Acsembl © Aft Dame Rirg
EDETeobe9Ld BORTI0TAYCO (LWT-34 thru &3]
ES110000C0 £LWT -84 thru BR)
BOF 14004000
A, C: Irmpect peretrent exemipetion of the following parts (STRISOY, Type 1, Hethod Al.
¥t Bome Marhole Cower Foaruard Deme Ri Forpargd Doms Mannhsls Covmr
BT 100 1idea EOTLinecn 0P 1a 08155
Earrel No. 1 Fanele Barrel Ng. I Peti farrel Mo, 5 Panel
B9 1 LBA0Y3 BO 14HI07F
BOS 1 LEDGORS
garral Mo & Penel
LHQCFTE
A, L Ingpect criemtation of welded parts in the followlng asesmhiies (Emgineering drawingl.
Barrol No. 4 AsEembly Barre. Mo. 5 AsseThly For T A L
[ BIP1 L0080 14 100200
parral Ma_ 2 dzgamial Bgrrel Mo, 1 Accambly At Dome Assembly
EFRLe0ns Ty Bl 6800%0 200 14900200
LH2 Tank ﬁﬂl.:
BOT1&u00000
A0 L0000E0
A, T: [rgpec: anis orientation marktngs and/er direction grigntarian markings apeliwd to the fol lowing
prammhlies (Emgimesring drawing).
Farwarg [Deme Aodefbiy Aft Dome &ssamhly Rirg Np. 3 assembly
E0R14120900 BOEILR= D00 BOFILEICATS
Ring No, g Aesambly Ring Wy, 1 Aesoniy
BOF 1450055 BOF14 FODRED

T

L

MARTER E.



CRITICAL ITEMS LIST (CIL)
CONTIMUMTION SHEET

ETETEM: Pressure esccls REY L DATE: J, 12-15-87
SUESTSTEM: LHZ Tank ] DEH & DATE:
FMEA ITEM CODECSI: £.2.1.1, &.2.1.2 ‘,-.
RETHWALE FOR RETENTION
INSPECTION:  {oomt} Pl
A, C: Verity ¥ine chromts paste epplied o l;hﬁ,fnun-fna assenblies (Engineering drawing!.
Rimg No. 3 Arcmmhl B H-u. F Azt Ring No. 1 Aczenf|y
1100750 FEER AT P BOILOL B
Forua o Bimg Ase . 'g'arrgg Wo. & hzsenbly Barrat No. 3 Aegompsly
1105110 1a04 BOHILDL 1L
B091 1001457 :
Barrel Np. 2 Assembly Parrel wa, f pssemb Ly Aft Dom= Rira & L
L0 TE08 T T Py ETI0S11 20
E0FIL0L1LER B 105124 -
B 11051149
EFTIME 116y
BOE1408 14 0R
I'H Inepace the 2319 aluminm walg Wire/rod (MMS=T-L407 For condermance to material specification snd
packaging (MMC-ET-53E 16 el STm-y-450),
LF Inzpect posT proof inspection CEmaineering drawing),
LE2 Paet Pregt Trepect)
T T T R =el
£: Reitspect pre-provd radicaraons of welds reclaz=ifind from adequately proofed 1o inadequately proofed
(UCN JETI2Y; LWT-54 theu &40,
b Irgpect the dimmsions ard comfarmerce to weid arade of the foliowing mszamhl Tes CEngirmering

drawingl.

(Reference the following 5121 for weldirg wet acceptance redirements: STPSS0Y for TIC weld,
ETREE0S dor TIG spor weld, amd STPSSDE for VRRA weld]

Forward fome Azzamgly Aft Dome Assembly Harrel No. 4 At omily
BOFEA 0D 9% ' 07 1420090

09 1L 100995 ELRO0eED

20976107900 BG4 920000

EIP16 120500 ik B = Barrel Np, 3 Annmmly
Bl 1L 13530 BOLRaRL S LT PR -]

R Laemyre SIS VA0S

oo PR BT BO% 149K ED -
BOF1L 140995 A d S a0rms Barrel Wg 2 A ememdy|
BO1L150%0 B 1L R0 L O ]

Q0 1 S0 =t Prerypid )

B4 150935 B LLRTeSS

BOTIL ] SGS - ARETA00TS Barrel Mp.1 Ao sombly
B 1417010 S1LFA0ELS B0 & B00

20151 7TA3s BV L RRISS

Iﬂa_ha Ko 3 Assembly Fimg Mg, 2 dsseme Ri Mo, 1 Azmmrhl|
183009 72 EETH.E.UEH Eg1 LIPS L
LHZ Tark Assemp:

EOF ] 4o

BF 14000300

FALLLRE HISTORT:

MLSTER

furrenr daga on Test failures, wwerslaimed aremalies amd other failures experienced aring graud
Fracessing a21ivity cin be fourd in tae SRACA dolg bame.
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